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AN ACUTE MODEL OF CYTOKINE-STIMULATED
ARTICULAR CARTILAGE DEGRADATION IN THE DOG
M.A. Pratta1, S.J. Hoffman1, F.L. Wang1, T. Newman-Tarr1,
R.W. Coatney2, J.B. Morris2, C.A. Capriotti1, J.L. McLane1,
K.S. Kilgore1, S. Kumar1
1GlaxoSmithKline Pharmaceutical Co., Collegeville, PA;
2GlaxoSmithKline Pharmaceutical Co., King of Prussia, PA
Purpose: To develop an acute model of articular cartilage degra-
dation in the dog for progression of pharmaceutical agents into
long term chronic models.
Methods: Canine cytokines were cloned and expressed as de-
scribed in a recent publication. All procedures were approved by
the GSK Institutional Animal Care and Use Committee. Articular
cartilage derived from various joints from Beagle dogs was iso-
lated and was either used in cartilage explant assays in organ
culture or as a source of primary chondrocytes. Chondrocytes
were evaluated in a cell-based aggrecanase assay based on a
published method. For in vivo studies, beagle dogs (n=4-6) were
anesthetized for both intra-articular (IA) injection and synovial
ﬂuid (SF) collection of the stiﬂe joint. Human or canine cytokines
were injected in one knee and vehicle into the contralateral. At
designated times, SF was collected by arthrocentesis; SF col-
lected 7 days pre-injection represented baseline control for each
animal. Total aggrecan content (GAG) of the SF was measured
using an alcian blue assay and aggrecanase-generated aggrecan
fragments (ARGSVIL) were measured by ELISA. Dogs were pro-
vided veterinary oversight during the in-life portion of the studies.
Results: Stimulation of canine articular chondrocytes and canine
cartilage explants with canine IL-1 resulted in induction of aggre-
canase activity and aggrecan degradation, respectively, whereas
IL-1α and β of human origin were ineffective. Interestingly, both
human and canine OSM induced aggrecanase activities and car-
tilage aggrecan degradation. Based on these in vitro ﬁndings, the
effects of cytokines on cartilage aggrecan degradation following
IA injection into the knee joints of beagle dogs were evaluated.
IA injection of canine IL-1β at doses between 1-200 ng resulted
in 3-legged lameness that was dose-dependent in severity and
duration. Therefore, the use of IL-1 was discontinued for ethical
concerns. However, IA injection of both human and canine OSM
at doses up to 1000 ng resulted in no detectable lameness and
joint effusion over that of vehicle alone. In addition, OSM injec-
tion caused increases in both GAG and the ARGSVIL aggrecan
fragment, and based on dose response studies, the optimal dose
of canine OSM was determined to be 200 ng/joint. Evaluation
of the time course following IA injection of 200 ng of OSM re-
sulted in GAG and the ARGSVIL-fragment levels that reached a
peak relative to the contralateral controls at 24 hours, and then
returned to vehicle levels by 48 hours post-injection. Because of
the acute nature of the cartilage aggrecan loss of this model,
repeated use of the same colony of dogs has been possible.
Conclusions: We have established an acute model of OSM-
stimulated cartilage degradation in the dog. This model has
utility to for screening of multiple pharmaceutical agents prior to
their evaluation in more long term chronic models in the dog or
other species.
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A PRECISE AND SCALABLE METHOD OF MICE KNEE
SYNOVIAL FLUID COLLECTION FOR USE IN
BIOMARKER ANALYSES
D.R. Seifer, B.D. Furman, F. Guilak, S.A. Olson, V.B. Kraus
Duke University, Durham, NC
Purpose: To develop methods for accurate recovery of the
approximate 1-µL of synovial ﬂuid (SF) present in a mouse
knees that would permit OA-related biomarker analyses.
Methods: Through an investigation into unique materials, poly-
acrylate beads (PAB) and the calcium sodium alginate compound
(CSAC) Melgisorb (Tendra, Goteborg) were identiﬁed as poten-
tial SF recovery vectors. The SF recovery efﬁciency of these
novel materials were compared against that of Whatman paper
(WPR), which has previously been used in larger (≥3-µL) appli-
cations. Once SF is absorbed by the PAB, it is recovered by the
addition and subsequent removal of 100-µL of saturated NaCl
solution. The optimal time course for maximal SF recovery using
the PAB recovery vector was determined through the mapping
of efﬁciency curves. In the case of CSAC, the addition of 35µL
of ﬂavobacterium-derived alginate lyase in H2O and 15µL 1.0M
Sodium citrate dissolved the alginate ﬁbers. The reﬁnement of a
small-volume measurement technique, termed “pipette-dialing”,
allows for the change in volume (dV) to be quantiﬁed in both
methods. Each method was assessed for human SF percent
retrieval of liquid volume (pipette dialing), total protein (Bradford
assay), and cartilage oligomeric matrix protein (COMP, ELISA
with monoclonal antibody 12C4). Based on the results of these
analyses, the CSAC method was tested in vivo. Upon sacriﬁce,
synovial ﬂuid was collected from both knees of twelve adult male
C57BL/6 mice, six of which had been given left knee articular
fractures. All of these mice were raised on a high fat (60%) diet.
COMP was measured in these samples using the 12C4 ELISA,
and all data were analyzed using SPSS statistical software.
Results: PAB volume recovery peaked at 5 minutes. Average
volume recovery ratios (Vrecovered/Vabsorbed) were found to be
0.987 + 0.367 and 1.00 + 0.502 for PAB and CSAC respec-
tively. With the WPR method, it was not possible to accurately
measure dV in sample sizes ≤3-µL. Lightly cross-linked PABs
(PSL), medium cross-linked PABs (PSM), and CSAC were more
efﬁcient (62.7%, 47.1%, and 27.1%) at recovering protein in
vitro from 1-µL of human SF than the highly cross-linked PABs
(PSH), which recovered only 20.59% of the total protein in 1-µL
of human SF; however, the PSL and CSAC procedures were
signiﬁcantly worse at protein recovery than the Whatman paper
method, which achieved >95% protein recovery in vitro (p<0.01)
(see Figure). CSAC was chosen for testing in vivo due to: 1)
the ability to precisely and accurately quantify the volume of
liquid recovered, 2) a lower, non-speciﬁc background in the 12C4
ELISA assay compared with PAB recovered samples, and 3) the
fact that it is easier than polyacrylate to physically manipulate
during in vivo trials. The mean COMP concentration of the frac-
tured left knees trended higher than that of the corresponding
non-fractured right knees in the same animals (3444+1515-ng/µL
versus 2924+1302-ng/µL, p=0.075 in a Wilcoxon Signed-Rank
Test). The concentration ratio ([COMPright knee]/[COMPleft knee])
was signiﬁcantly higher in the mice subjected to articular fracture
(p=0.026, Mann-Whitney U Test).
Conclusions: Even though the Whatman paper method was
most efﬁcient at protein recovery, its inability to measure dV
≤1-µL would prevent accurate biomarker determinations for in
vivo situations of limited (<3 µl) SF availability; therefore, the
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CSAC methodology emerged as the preferred method for recov-
ering extremely small volumes of SF. Furthermore, the results
of our pilot in vitro COMP analyses suggest that SF-based OA
biomarker studies using mice are feasible, effective, and reliable.
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OESTROGEN DEFICIENCY, BUT NOT
GLUCOCORTICOIDSADMINISTRATION, INDUCES KNEE
CARTILAGE LESIONS IN AN EXPERIMENTAL MODEL OF
OSTEOPOROSIS IN RABBITS
S. Castañeda1, E. Calvo2, R. Largo2, M. Bellido2,
F. Rodríguez-Salvanés1, E.F. Vicente-Rabaneda1,
G. Herrero-Beaumont2
1Hospital de La Princesa, Madrid, Spain; 2Fundación Jimenez
Díaz, Madrid, Spain
Background: The relationship between osteoporosis (OP) and
osteoarthritis (OA) is complex and poorly understood. Recent
studies suggest that OP could accelerate the progression of
established OA, but the inﬂuence of OP in healthy cartilage is
unknown. Moreover, the pathogenic role of systemic glucocorti-
coids on cartilage damage is not well deﬁned neither.
Aim: To determine the inﬂuence of ovariectomy (OVX) either
alone or combined with systemic glucocorticoids administration
on healthy cartilage in an experimental model in rabbits.
Methods: Twenty female NZ white rabbits (10 months old; mean
weight of 4.3 kg; r: 3.7-6.3) were randomly allocated in three
different groups. Seven animals underwent bilateral OVX (OVX
group). Low bone mineral content status was induced in 6 an-
imals by OVX and subsequent parenteral methylprednisolone
hemisuccinate (MPH) administration (1 mg/kg/d) for 4 weeks to
assess the inﬂuence of OP on the homeostasis of normal carti-
lage (OP group). Seven animals were used as controls (Healthy
group). To evaluate the bone mass variation, bone mineral den-
sity (BMD) was measured by dual energy X-ray absorptiometry
(DXA) at both baseline and 6 weeks after OVX (Hologic® QDR-
1000) in lumbar spine (L3-L4, LS), global knee (gK) and subchon-
dral bone of the knee (sK). The histopathological cartilage dam-
age at the end of the experimental interventions was evaluated
in the medial femoral condyles following the Mankin’s system.
Statistical analysis: The difference of the means of the cartilage
damage and BMD between groups was calculated using the
analysis of the variance (ANOVA). The “post hoc” comparison of
the means was studied by the Tukey’s test. Correlation between
DXA and histological damage was done by Pearson’ correlation
test (SPSS, vs. 10.0).
Results: Baseline BMD values (mg/cm2) did not show signiﬁ-
cant differences between groups in any of the anatomical regions
analyzed (LS, gK and sK). However, BMD showed a signiﬁcant
decrease in OP rabbits when compared to both OVX and healthy
rabbits (p<0.05) (Table 1). A signiﬁcant negative correlation be-
tween BMD at LS and cartilage damage was also demonstrated
(p<0.05), but no correlation could be established when BMD was
determined at gK and sK.
Group Mankin score BMD-LS BMD-gK BMD-sK
HEALTHY 0.14 (0.14) 305±13 473±31 642±47
OVX 1.43 (0.30)* 268±37 426±25 578±70
OP (OVX+MPH) 2.42 (0.57)*§ 232±40*§ 362±86*§ 490±97*#
*p<0.05 with respect to healthy group; §non signiﬁcant differences between
OVX and OP; #p <0.05 between OVX and OP. Results are expressed as mean
± SD.
Conclusions: Conclusions: Since isolated OVX induced sta-
tistically signiﬁcant alterations in normal cartilage in our model,
oestrogen deﬁciency might play a direct role in the ethiopatho-
genesis of OA. The fact that differences in cartilage damage
using the Mankin score were not signiﬁcant when OVX and OP
rabbits were compared, suggests that systemic glucocorticoids
do not play any pathogenic role in joint damage.
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EARLY CHANGES OF ARTICULAR CARTILAGE,
SYNOVIAL MEMBRANE AND SUBCHONDRAL BONE IN
AN EXPERIMENTAL MODEL OF GOAT
OSTEOARTHRTITIS
F. Iannone1, M.G. Anelli1, M. Dicomite2, N. Lacarpia1,
E. Francioso3, L. Lacitignola3, A. Crovace3, A. Favia2,
G. Lapadula1
1DiMIMP - Rheumatology Unit, Bari, Italy; 2Department of
Human Anatomy and Histology, Bari, Italy; 3DETO – Veterinary
Surgery Unit, Bari, Italy
Purpose: Aim of the study was to evaluate the early changes
and chronological involvement of articular cartilage, synovial
membrane and subchondral bone in an experimental model of
goat osteoarthritis (OA).
Methods: OA was induced unilaterally in the right knee joint of
nine goats by resection of the anterior cruciate ligament (ACL).
Left knee has been considered as control. Three goats have
been sacriﬁced at any time point, one, three and six months,
respectively. Plain X-rays of knees have been performed prior
to sacriﬁce. Microradiographic analysis has been carried out to
assess volume of subchondral bone, thickness of cortical bone
and trabeculae. Histology of synovial membrane was evaluated
by ematossilin-eosin staining and the degree of involvement was
ranked by using the score system proposed by Pelletier JP et
al. Safranin staining and Mankin HJ et al scoring have been
performed to assess cartilage changes.
Results: Analysis of cartilage has shown that ultrastructural
changes and decrease of chondrocyte density were present
already after one month with progressive reduction of proteo-
glycan staining which was more marked after six months in the
right knee, and the differences with the left knee were statisti-
cally signiﬁcant. After one month, synovial membrane showed
a progressive increasing number of layers of the synovial lining
and hyperplasia of synovial villi and the differences with the
control knee were statistically signiﬁcant. Also perivascular lym-
phomonocyte inﬁltrate was higher in the right knee that in the
left knee. Morphometric analysis of subchondral bone detected
signiﬁcant differences between OA and control knee only after
6 months. Volume of cortical bone was increased but volume
of trabecular bone was decreased. Also thickness of cortical
bone was signiﬁcantly increased after 6 months in the right knee,
whereas no changes in trabeculae thickness was noted.
Conclusions: These ﬁndings provided evidence that, at least in
our model of OA induced by ACL resection in goats, early signs
of OA are detectable both in articular cartilage and synovial
membrane. These changes may increase the production of pro-
catabolic cytokines and other inﬂammatory mediators that could
play a key role in amplifying the cartilage injury. Involvement of
subchondral bone occurs later and always follows cartilage and
synovial membrane changes.
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ORALLY ADMINISTERED COLLAGEN HYDROLYSATE
HALTS THE PROGRESSION OF OSTEORATHRITIS IN
STR/ort MICE
S. Oesser, A. Raabe, M. Schunck
Collagen Research Institute, Kiel, Germany
Purpose: Experimental investigations on various chondrocyte
